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Abstract: We measured thermoluminescence (TL) properties of 37 Asuka and 13 
Yamato type 3 ordinary chondrites from Japanese Antarctic meteorite collection for 
determining subtypes and pairing. Most of the meteorites are of petrologic type 3.6-
3.9; however, we found three primitive ordinary chondrites (A-9043, A-87319 and Y-
793384) of petrologic type � 3.1. 
We found 22 TL potential pairing groups in 26 Asuka H3 chondrites comprising a 
chain of pairing groups, which implies an H3 chondrite shower near the Asuka area. 
1. Introduction 
Thermoluminescence (TL) is light emitted by a phosphor in addition to intrinsic 
blackbody radiation during heating (McKeever, 1985). Induced TL, the response of a 
luminescent phosphor to a laboratory dose of radiation, reflects mineralogy and structure 
of the phosphor while providing valuable information on metamorphic and thermal history 
of meteorites. As one important utility, TL sensitivity is used to determine the petrologic 
subtype of type 3 ordinary chondrites (Sears et al., 1980, 1991a; Sears, 1988), CO 
chondrites (Sears et al., 1991b), CV chondrites (Guimon et al., 1995), and eucrites 
(Batchelor and Sears, 1991). Differing thermal histories of a subgroup of Antarctic and 
non-Antarctic H chondrites are apparent in induced TL peak temperature and width (Sears 
et al., 1991c; Benoit and Sears, 1992). Natural TL, luminescence of a sample that has 
received no irradiation in the laboratory, reflects the thermal history of the meteorite in 
space and on Earth. Natural TL data thus provide insights into such topics as meteoroid 
orbits, shock heating effects, and terrestrial history of meteorites (Benoit et al., 1991, 
1992). 
Induced and natural TL of meteorites of the American Antarctic meteorite collection 
have been routinely measured at the University of Arkansas. They have provided 
fundamental data of assignment of petrologic subtypes of ordinary chondrites and pairing. 
Systematic TL analysis of the Japanese Antarctic meteorite collection began in 1996. 
The TL properties of 73 type 3 ordinary chondrites have been measured; data were used 
for assignment of petrologic subtypes and pairing (Ninagawa et al., 1998, 2000). We 
now report TL data for an additional 37 Asuka type 3 ordinary chondrites and 13 Yamato 
in the Japanese Antarctic meteorite collection measured at the Okayama University of 
Science. 
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2. Samples and TL measurements 
115 
Chips of 37 Asuka type 3 ordinary chondrites (LL3: 5, L3: 6, H3: 26) and 13 
Yamato (LL3: 3, L3: 5, H3: 5) were obtained from the Japanese Antarctic meteorite 
collection for this study. They are almost new samples that have not been described in 
the Meteorite Newsletter of Japanese Collection of Antarctic Meteorites. Samples were 
treated for TL measurements as shown by Ninagawa et al. (2000) and their TLs were 
measured on conditions shown by Ninagawa et al. (2000). 
3. Results and discussion 
3.1. New TL data 
Table 1 shows TL data for 37 Asuka type 3 ordinary chondrites from the Japanese 
Antarctic collection. Table 2 shows TL data for 13 Yamato type 3 ordinary chondrites. 
Five meteorites (A-9046, A-9043, A-87319, Y-793384, and Y-82007) have very low TL 
sensitivities equivalent to petrologic subtype :S:: 3.4. Some of these samples are discussed 
in greater detail below. Most of the samples are of petrologic subtype 3.6-3.9. 
Figure 1 shows correlation between induced TL peak temperature and peak width for 
the Asuka samples. Induced TL peak temperatures and widths can be used to segregate 
meteorites into two distinct clusters which also indicate the degree of thermal 
metamorphism. Meteorites in the lower cluster are generally of petrologic subtype < 3.5, 
a relationship noted in previous studies of type 3 ordinary chondrite modem falls and 
finds (Sears, 1988; Sears et al., 1991a); A-9046 (LL3) and A-9043 (L3) are plotted in 
the lower cluster. They have TL sensitivities corresponding to petrologic subtypes of 3.3-
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Fig. J. induced TL peak temperature vs. peak width of Asuka type 3 ordinary chondrites from the 
Japanese Antarctic meteorite collection. Symbols express TL subtypes. 
Table 1. Thermoluminescence data for 37 type 3 Asuka Japanese ordinary chondrites. 
Meteorite Clasi ��.�.� .:!.� ......................... l.... .................................. �.��.���.:!� .................................... ..i LT Low L. ............. ��.��.  ............. ...! LT/HT ! LT l TL Sensitivity l Peak Temp. l Width l /fL Sens. Ca-Py. 01. l Recom� Pairing, Shock Stage, Weathering Degree & (103 counts) � (Dhajala=l) l (''C) i (°C) l (xI03 ) (C.V.)t (C.V} !Olivine TL mended .• -·--- · ---. -· -· _ -· --. -· --_ -··- . -· -·. _ - .• !4 i 139 ± 0 i 117 ± l i 6.8 ± 0.9 i 31% 5%; 3.9 3.7-3.8 ! A-880833 lLL3 ! 2.20 ± 0.00 ! 156.25 ± 22.51 i 2.020 ± 0.158 i 143 ± 1 i 130 ± 4 l 77.3 ± 12.7 i 16% 5%! 3.9 3.8-3.9 iA-88795 A-880795 !LL3 1 2.52 ± 0.02 i 141 .00 ± 0.76 1 1 .501 ± 0.022 1 154 ± 2 T 128 ± 1 i 94 .0 ± 1.5 1 9% 5%! 3.9 3.8 1 A-87250 !LL3 ! 4.18 ± 0.11 ! 60.34 ± 4 .03 ! 0.330 ± 0.030 ! 142 ± 4 i 125 ± 3 l 183.1 ± 20.7 ! 30% 3%! 3.6 l A-9046 lLL3 1 2.30 ± 0.09 l 0.97 ± 0.39 1 0.044 ± 0.006 1 83 ± 3 T 59 ± 1 l 22.3 ± 9.4 1 82% 32%! 3.6 3.3-3.4 i A-880774 lL3 1 0.08 ± 0.00 i 1 .86 ± 0.08 1 0.851 ± 0.033 1 177 ± 5 T 145 ± 3 1 2.2 ± 0.1 1 15% 3%! 3.7 1 A-880820 lL3 i 0.82 ± O.Ql l 18.30 ± 0.51 i 0.593 ± 0.055 i 176 ± 3 i 137 ± 2 ! 30.9 ± 3.0 ! 19% 2%! 3.7 ! A-880908 !L3 i 1.19 ± 0.06 ! 10.74 ± 1 .09 ! 0.527 ± 0.054 ! 162 ± 6 i 132 ± 0 ! 20.4 ± 2.9 i 83% 62%! ;£3.4 3.6-3.7 ! A-8808101L3 1 1.33 ± o.oo 1 9.86 ± 0.11 1 0.211 ± 0.012 1 161 ± 9 r 142 ± 1 : 45.5 ± 2.s r 9% 2%T 3.5-3.6 1 
Comments 
��:�� 9 ::::I �;:::::I:::::;:;!:: :: g:: ::1::::::::g:�g::: g:gi :::1::::: g:gg;:: !::: g:gg� :::l:::::1 ��:  :: � 6 ::I::::: 1 ��:  3 i:::I::::: i�: :  :::3�4 :::l::::::��::::::::::::: ��:I::�·;::::: 3.�� . i:: 3.�� .:i I�:� � ��:::r!�\:::::::: A-880709 !H3 ! 0.04 ± O.Ql i 0.17 ± 0.00 i 0.468 ± 0.020 i 161 ± 0 i 136 ± 3 i 0.4 ± 0.0 i 30% 4%! 3.6-3.7 i A-880710 !H3 ! 0.06 ± 0.00 l 0.15 ± 0.01 ! 0.204 ± 0.005 ! 152 ± 2 ! 138 ± 0 l 0.7 ± 0.1 ! 31% 6%! 3.9 3.5-3.6 i A-880901 !H3 l 0.16 ± O.Ql ! 0.71 ± 0.07 ! 0.418 ± 0.020 ! 179 ± 3 i 151 ± 0 l 1.7 ± 0.2 i 14% 2%! 3.6-3.7 l A-87216 lH3 1 0.20 ± O.Ql 1 1.39 ± 0.08 1 0.498 ± 0.043 1 147 ± 8 T 129 ± 0 i 2.8 ± 0.3 1 31% 3%! 3.6-3.7 i A-880676 !H3 ! 0.63 ± 0.03 l 4.26 ± 0.36 ! 0.413 ± 0.004 ! 152 ± 2 i 134 ± 1 l 10.3 ± 0.9 ! 34% 22%! 3.7 3.6 !A-880620 A-880793 !H3 1 o.64 ± o.oo i 3.66 ± 0.21 1 o.361 ± 0.023 1 186 ± 1 r 155 ± 1 : 10.1 ± o.9 r 18% 5%! 3.9 3.6 1 A-880620 !H3 ! 0.73 ± O.Ql ! 7.77 ± 0.51 ! 0.540 ± 0.014 ! 161 ± 2 ! 131 ± 1 l 14 .4 ± 1.0 T 29% 16%! 3.8 3.7 ! A-8807291H3 l 0.87 ± 0.03 l 22.52 ± 1.47 ! 1.148 ± 0.013 l 160 ± 5 ! 133 ± 1 i 19.6 ± 1.3 1 9% 6%! 3.9 3.8 lA-880746 A-880746 !H3 i 0.88 ± 0.01 ! 18.92 ± 0.51 i 0.933 ± 0.047 i 158 ± 4 i 131 ± 0 i 20.3 ± 1.2 i 13% 5%! 3.9 3.7-3.8 ! 
.•••••••••••••••••••••••••••••••••• , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , •••••••••••••••••••••••••••••••••••••••• , •••••••••••••••••••••••••••• ,c..,, •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .,. ............................................................................................................................................ . A-880711 !H3 i 1.14 ± 0.03 i 10.59 ± 0.27 ! 0.507 ± 0.001 i 164 ± 4 i 131 ± 1 i 20.9 ± 0.5 i 13% 3%! 3.7 !A-880613 A-880613 :m 1 1 .28 ± o.04 1 60.40 ± 1 .39 1 2.216 ± 0.261 1 163 ± 11 r 130 ± 4 1 21.3 ± 3.3 1 29% 10%T 3.9 3.8-3.9 iA-880624 A-880624 :m i 1 .51 ± o.o3 1 31.11 ± 1 .92 1 o.962 ± 0.012 1 153 ± 6 r 134 ± 1 1 32.3 ± 3.1 1 25% 24%! 3.7 3.7-3.8 iA-880724. 684. 840 A-880724 iH3 i 1 .68 ± o.oo : 47.39 ± 2.38 1 1.192 ± o.GI8 1 150 ± 3 r 131 ± 1 1 39.7 ± 2.1 r 13% 20%T 3.8 3.8 1A-880684 , 840. 641 A-880684 !H3 i 1 .68 ± 0.06 ! 103.40 ± 5.65 i 2.229 ± 0.165 i 167 ± 5 ! 129 ± 2 ! 46.4 ± 4 .3 1 13% 11%! 3.8 3.8-3.9 !A-880840, 788, 641 1:::g�: ·!:;··+····! :� ·! .. g:�+·· · ;f :;i··!····!:�� ···1-···· �:i� ·! .. g:��·- 1-· ···!;: ·!··· i····+ ···!;!· !.. ! ···+··· !i:�· !····· ;:!······+-·····!!:···············;! f.. .. 3.9 ......... ;:�···· ···· ····· ······· !1:::g��,.863 ·· ··· ··· ······· ·· ····· · A-880641 !H3 ! 1.94 ± 0.00 ! 40.72 ± 3.14 i 0.773 ± 0.090 ! 159 ± 1 i 136 ± 1 ! 52.7 ± 7.4 ! 23% 6%! 3.9 3.7 !A-880863 A-880863 !H3 ! 2.05 ± 0.06 ! 21.56 ± 0.49 i 0.470 ± 0.007 i 150 ± 4 i 129 ± 1 i 45.9 ± 1.2 ! 24% 6%! 3.9 3.7 ! A-882004�H3 ! 2.06 ± O.Ql ! 36.37 ± 0.87 ! 0.558 ± 0.032 i 150 ± 4 i 113 ± 5 ! 65.2 ± 4 .1 ! 9% 3%! 3.7 ! A-87274 1H3 1 2.13 ± o.o5 1 26.23 ± 3.28 1 o.321 ± 0.036 1 153 ± o r 118 ± o 1 81 .7 ± 13.7 r 21% 7%T 3.9 3.6 lA-87286 
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Table 2. Thermoluminescence data for 13 type 3 Yamato Japanese ordinary chondrites. 
t ........................ ���.�.�.!.� ......................... L .................................... ������.!.� .......•............................. l LT Low L ............. ��.�  ............... .l Pairing, Shock Stage, Meteorite ]Clas� LT/HT j LT j TL Sensitivity 1 Peak Temp. 1 Width 1 /fL Sens. Ca-Py. 01. 1 Recom-j Weathering Degree & 1 [ · �  1 (103 counts) 1 (Dhajala= l�fC) 1 (°C) 1 (x103) (C.Vl (C.V } [Olivine TL mended Comments 
1 t�� !!r i ;; ; ;; ! �;;;:� ;; ! !� ! !ffi:i i� !!.! :� � ; :i : �; � �; ! �! �1! ;;::; !! ; , ::r1�£�;����:;::;::; Y-86712 !L3 i 7.97 ± 0.03 i 58.72 ± 2.48 i 0.158 ± 0.001 i 147 ± 17 i 148 ± I i 371.2 ± 16.0 i 36% 10%1 3.9 3.5 i Y-82059, 055, 095 
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3.2. Pairing for all type 3 ordinary chondrites 
The following criteria for potentially paired meteorites are used: 1) average natural 
TL peak height ratio, LT/HT, of one meteorite should agree with that of another meteorite 
within a factor from 1.0 to 1.2; 2) ratios of raw natural TL signal to induced TL signal 
(=LT intensityffL sensitivity) should agree within a factor from 1.0 to 1.5; 3) 
coincidences of TL peak temperatures and peak widths should be within 20° C and within 
10° C, respectively. These criteria are based on observed heterogeneity with modem falls 
and petrographically paired finds (e.g., Sears et al., 1991a; Benoit and Chen, 1996; 
Ninagawa et al., 1998). Pairing criteria were applied to the new data set and data for 
previously analyzed samples (Ninagawa et al., 1998, 2000). We found 22 TL potential 
pairing groups in 26 Asuka H3 chondrites (Table 1 ). They comprise a chain of pairing 
groups, implying an H3 chondrite showered near the Asuka area. However, there are no 
detailed geographical expedition notes in Asuka samples. We were unable to estimate 
pairing under geographical consideration for Asuka samples. We also found one TL 
potential pairing group in Asuka LL3 (Table 1) and new six TL potential pairing groups 
in Yamato type 3 chondrites (Table 2). Both Y-793574 and Y-790443 satisfied TL 
criteria. However, they are probably not paired because their recovery positions were 
separated by over 20 km. 
3.3. Primitive ordinary chondrites 
Figure 2 compares TL sensitivity and induced TL peak temperature for Asuka 
samples. Clusters noted in induced TL peak temperature and width plot (Fig. 1) are also 
apparent in Fig. 2. While A-87319 (L3) is plotted outside these clusters, both Y-793384 
(LL3) and Y-82007 (LL3) can also be plotted outside these clusters. 
Both A-87319 (L3) and Y-793384 (LL3) have TL sensitivities corresponding to 
petrologic type 3.0. Petrographic observations indicate that they exhibit features of shock 
stage S l-S2 in classification system of Stoffler et al. (1991 ). Their chondrules are also 
rounded, not flat. This is further evidence of very weak shock. Most unequilibrated 
meteorites such as Bishunpur, Krymka, and Semarkona do not follow the trends of two 
clusters possibly because the dominant TL phosphor is not crystalline plagioclase (Sears et 
al., 1982). They, like Bishunpur, Krymka, and Semarkona, also do not follow trends of 
two clusters. There is a trace of hot accretion of chondrules in A-87319. Some 
chondrules contact with another one without orientation and have a common area on their 
boundary. This suggests that chondrules in hot conditions accreted in a slight 
compaction. This textural feature is different from that of compound chondrules (Was son 
et al., 1995). Figure 3 compares Dhajala-normalized TL sensitivity with olivine and 
pyroxene heterogeneity and they resemble similar plots in earlier studies. 
This study found that A-87319 (L3), Y-793384 (LL3) and A-9043 (L3) are primitive 
ordinary chondrites which have low TL sensitivities corresponding to petrologic types less 
than or equal to 3.1, just as Y-790448, Y-793596, Y-793565, Y-791324, Y-791558 
(Ninagawa et al., 1998), and Y-74660 (Ninagawa et al., 2000). Petrographic studies of 
these meteorites are not completed, but these meteorites are the best candidates for 
histories involving minimal metamorphism. 
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Fig. 2. Induced TL peak temperature vs. TL sensitivity of Asuka type 3 ordinary chondrites from the 




Jo DH3 3 
(' 
g D 0 
0-0 - --o--0 
oQ A-880908 
(9 D ig 0 D Q ,..._ D D I a1 - ,!. 0 g II 0 o::I D � a D -� 
e 
a 0.1 ... ---- ----· 
·;; 








1% 10% 100% 




o::I � -� e 
0.1 a 


























1% 10% 100% 
Low Ca Pyroxene Heterogeneity (C.V.) 
Fig. 3. Dhajala-normalized TL sensitivity vs. ( a) olivine heterogeneity and ( b) pyroxene heterogeneity of 
Asuka type 3 ordinary chondrites. 
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4. Summary 
We measured TL properties of an additional 37 Asuka and 1 3  Yamato type 3 
ordinary chondrites at the Okayama University of Science and determined their petrologic 
subtypes. Three meteorites (A-9043 , A-873 19  and Y-793384) in our new dataset exhibit 
very low TL sensitivities, comparable with unequilibrated ordinary chondrites of 
petrologic type � 3 . 1 .  We completed induced and natural TL measurements, bringing 
our data set to 1 2 1  samples. Most meteorites studied in this work are of petrologic type 
3.6-3 .9 .  
We found 22 TL potential pairing groups in 26 Asuka H3 chondrites. They 
comprise a chain of pairing groups implying an H3 chondrite shower near the Asuka area. 
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